SUMMARY
The anaesthetist is using increasingly more technology during surgery [1] . It would seem that this evolution in patient monitoring has been stimulated largely by the desire to reduce or eliminate anaesthesia-related mortality and morbidity. As technology should assist the anaesthetist's control of the patient's physiological state during surgery, patient monitors and other technology should enhance the vigilance of the anaesthetist.
In the past 17 years, four systematic studies have been performed to assess the intraoperative activities of the anaesthetist [2] [3] [4] [5] . Since then, new technological advances have been introduced, such as automated non-invasive arterial pressure measurements, low pressure alarms and ventilatory frequency monitors to detect patient-gas circuit disconnections. This study was conducted to determine if these technological advances have increased the anaesthetist's vigilance.
METHODS
A time-study was made of the intraoperative activities of the anaesthetist during 30 surgical procedures at The Ohio State University Hospitals from January to March, 1985. The study involved 10 resident anaesthetists and three certified registered nurse anaesthetists (CRNA). Each CRNA undertook one of the anaesthetic procedures; the remaining 27 procedures were distributed among the 10 resident anaesthetists with no one resident having undertaken more than five procedures.
The patients were undergoing general, gynaecological or ENT procedures which lasted from 0.20 h to 4.67 h (mean 1.37 (SD 1.01) h). Informed written photographic consent was obtained from the patient in the procedures. The anaesthetist was informed orally that s/he was the subject of the study, which had institutional approval.
The study was conducted in one operating room. The anaesthesia machine, drug trolley and operating table were arranged around, and approximately equidistant from, the anaesthetist. Monitoring equipment was located on or adjacent to the anaesthesia machine. The anaesthesia ventilator was attached to the anaesthesia machine. The patient breathing systems were equipped with automatic disconnection alarms.
Information gathering
The activities studied ( fig. 1 ) were those performed by the anaesthetist during the entire intraoperative period. A single direct patient monitoring activity was defined, and included all activities during which the anaesthetist had visual or tactile contact with the patient and a view of the surgical field. All of the anaesthetists used an oesophageal stethoscope during the procedures; however, for obvious practical reasons auditory patient contact was not recorded in the study. The indirect patient monitoring activity encompassed all patient monitoring performed via instrumentation.
The anaesthetists' activities were recorded on video tape (with sound) via a stationary camera mounted from the ceiling of the operating room. The video recorder was located in a separate room. The field of the camera included the anaesthesia machine, drug trolley, all patient monitoring equipment and about 50% of the operating table closest to the anaesthetist. The patient's urine container and operating table controls were in the field of the camera.
The video tapes of the procedures were reviewed separately by three individuals: a senior faculty anaesthetist, a junior faculty anaesthetist (first year faculty member), and a non-clinical department staff member. A computer program was written to input, compile and analyse the activity data. The reviewers recorded the beginning of each event (an occurrence of a denned activity) by pressing the associated key on the keyboard of the computer. The program monitored the time and duration of each event. At the end of each review, the program calculated the total time spent on each activity during the case, in addition to the distribution of that time over the duration of the case. 
RESULTS
The three reviewers were in close agreement in terms of duration of the case (table I) . The most striking difference was in the number of events per case recorded by the senior resident (184 (122)) in comparison with that recorded by the faculty anaesthetist (450 (318)) and the nonclinical staff member (414 (279)). This difference did not appear to affect the results of the overall or distributed time analysis (figs 1, 2) .
On average, the anaesthetist spent the greatest portion of his/her time (59.1%) monitoring the patient either directly (44.8%) or indirectly (14.3%) ( fig. 1) . The next largest portion of time was spent on record-keeping duties (10.9%). The anaesthetist spent less than 10% of his/her time per case at any of the other denned activities for a total of 30.1% of case time. Direct patient monitoring by the anaesthetist reached an ebb in the middle of the procedure, while indirect patient monitoring and record-keeping peaked during the same period ( fig. 2 ).
DISCUSSION
A comparison between the results of this study and those of our earlier time-motion study [5] reveals some interesting and encouraging differences in the way the anaesthetist now spends his/her time in the operating room (table II) . Compared with the earlier study, two-and-a-half times as much intraoperative time was spent directly monitoring the surgical patient. Nearly twice the time was spent indirectly observing the patient via the monitors. In the previous study, the patients underwent manual ventilation of the lungs. It appears that the anaesthetist allocated most of the time previously spent checking the circle system and performing ventilation to patient monitoring tasks. The percentage of time the anaesthetist spends during an operation in completing the patient record has not changed to any great extent. In this respect our results corroborate those of Kennedy and colleagues [3] . It may be that this degree of intraoperative time (10-15 %) is the least amount of time required to complete this task manually.
It appears that the anaesthetist likes to work on record-keeping in the middle of the case, perhaps at the expense of direct patient monitoring. The results from this study suggest that the anaesthetist may substitute indirect monitoring for direct monitoring as s/he sits and completes the patient record.
Kennedy and colleagues [3] noted that among the primary intraoperative objectives of the anaesthetist is observation of the patient and the monitoring equipment. We have seen from the results of this study that the anaesthetist has shifted his/her time from the mechanics of anaesthesia delivery to observation of the patient, and this might be expected to result in better case management. Another 10-12% of intraoperative time could be re-allocated to patient observation if we had an automatic or semi-automatic system for generating the intraoperative patient record; such systems are appearing on the market at the present time.
